Preparation and Characterization of Functional Coating Materials on Glass Surface by 贾迎辉
  
学校编码：10384                                   分类号     密级 








Preparation and Characterization of Functional 
Coating Materials on Glass Surface 
贾迎辉 
指导教师姓名： 周忠华 教 授 
专  业 名 称： 材料工程 
论文提交日期： 2017  年   月 
论文答辩时间： 2017  年   月 






































另外，该学位论文为（                            ）课题（组）
的研究成果，获得（               ）课题（组）经费或实验室的






声明人  （签名）： 
指导教师（签名）： 
 























（     )1.经厦门大学保密委员会审查核定的保密学位论文，于   
年  月  日解密，解密后适用上述授权。 
















































TiO2(ST-01)的 Bi2Ti2O7粉体，并对所得钛酸盐粉体进行表面 Ag 包裹改性处理。
通过对所得样品进行 X 射线衍射、扫描电镜、紫外-可见-近红外分光光谱表征得













































As a keysafety component, vehicle glass is required to be multi-functional as 
well as safety-ensuring. In recent years, heat insulation, antifogging, hydrophobicity, 
and head-up display (HUD) have become the main directions of automotive glass’s 
functionalization. Heat insulation can be achieved through both absorption and 
reflection. Light absorption, however, increases the temperature of sheltered objects 
and leads to secondary radiation effect, which brings in turn a new heat source. 
Therefore, heat-reflecting materials have been gaining more and more attention in 
heat insulation studies. On the other hand, despite anti-fogging function can be 
achieved by air-conditioning for windshield glass and by electricity-heating for rear 
window glass, automotive anti-fogging for side windows are still hard to realize. 
Among all antifogging materials, the water-absorbing one is a hot spot. This study 
was set in a background of coating on automotive glass’s surface, and two kinds of 
functional materials were prepared and characterized: (1) nanoparticles with high 
near-infared (NIR) light reflectance for heat insulation application, (2) 
water-absorbing micro-films for antifogging application. 
In this study, NiTiO3 nanopowders with a reflectance of NIR higher than the one 
of visible light, along with Bi2Ti2O7nano powders whose reflecting property was 
better than the one of commercial TiO2(ST-01) were prepared by sol-gel method by 
using citric acid as a catalyst and tetrabutyl titanate (TBT) as Ti source. The obtained 
titanate nano powders were modified via surfacial Ag-wrapping, followed by 
characterizations of XRD patterns, SEM images, and UV-visible-NIR spectra. Results 
show that 1.5ml 2wt% AgNO3 added causes an extremely high NIR reflectance 
(60.24%), while with low visible light reflectance (13.88%). Additionally, powders 
can be well-dispersed in water with PEG1000 as the dispersant after ball-milling 
process.   
In this study, two-layer structure was applied in water-absorbing antifogging 
films, and synthesis process of the films was studied. Exploration focused on impacts 















as well as effects of curing agents and the number of epoxy resin’s groups on 
antifogging properties and yellowing index. Results show that when the number of 
epoxy resin’s groups increases from 2.5 (EX313) to 6.3 (EX521), there are more knots 
in the obtained three-dimension network through cross-linking and the space inside 
the network is less, which thereby contributes to a shortened antifogging time. On the 
other hand, because of without free amine, acid-anhydride-solidified water-absorbing 
antifogging films consequently givea better yellowing indexes than the 
amine-solidified ones. 
Key words: Function coating, Insulation, Near infrared reflection, Water-absorbing 


























摘要 ............................................................................................................. 1 
Abstract .................................................................................................... II 
目录 ............................................................................................................. I 
CONTENTS ............................................................................................. III 
第一章绪论 ................................................................................................ 1 
1.1 引言 ................................................................................................................... 1 
1.2 隔热材料研究现状 ........................................................................................... 4 
1.2.1 钛酸铋材料的结构特点和研究现状....................................................... 6 
1.2.2 贵金属包覆结构特点和研究现状........................................................... 8 
1.3 钛酸盐制备方法 ............................................................................................. 10 
1.3.1 水热合成法............................................................................................. 10 
1.3.2 固相反应法............................................................................................. 10 
1.3.3 沉淀法..................................................................................................... 10 
1.3.4 微波法..................................................................................................... 11 
1.3.5 溶胶凝胶法............................................................................................. 11 
1.4 防雾材料研究现状 ......................................................................................... 12 
1.5 表面处理工艺 ................................................................................................ 14 
1.6 防雾膜涂布工艺 ............................................................................................ 15 
1.6.1 流涂法.................................................................................................... 15 
1.6.2 滚涂法.................................................................................................... 15 
1.6.3 刮涂法.................................................................................................... 16 
1.6.4 浸涂法.................................................................................................... 16 
1.6.5 喷枪喷涂法............................................................................................ 16 
1.6.6 自动喷涂法............................................................................................ 17 
1.7 本课题的研究目的、意义和主要内容 ......................................................... 19 
1.7.1 研究目的与意义..................................................................................... 19 
1.7.2 研究内容................................................................................................. 19 
参考文献 ............................................................................................................... 21 
第二章实验方法及原理 .......................................................................... 25 
2.1 高近红外反射纳米粉体的制备的实验方法及原理 .................................... 25 
2.1.1 主要化学试剂........................................................................................ 25 
2.1.1 合成方法................................................................................................ 26 
2.2 吸水防雾膜的制备的实验方法及原理 ........................................................ 27 
2.2.1 主要化学试剂........................................................................................ 27 
2.2.2 合成方法................................................................................................ 28 















2.4 表征方法 ........................................................................................................ 30 
2.4.1 X 射线衍射技术（XRD） .................................................................... 30 
2.4.2 扫描电子显微镜（SEM） ................................................................... 30 
2.4.3 紫外可见近红外分光光度计（cary 5000） ......................................... 30 
2.4.4 透光率测量仪（TRANSMITTANCE） .............................................. 31 
2.4.5 雾度测量仪（HAZEMETER） ........................................................... 31 
2.4.6 磨耗测试仪（TABER® ABRASER） ................................................. 32 
2.5 本章总结 ........................................................................................................ 33 
参考文献 ............................................................................................................... 34 
第三章钛酸盐热反射涂料的制备与表征 .............................................. 35 
3.1 引言 ................................................................................................................ 35 
3.2 实验部分 ........................................................................................................ 36 
3.2.1 钛酸盐前驱体的制备............................................................................ 36 
3.2.2 钛酸盐粉末的制备................................................................................ 36 
3.2.3 钛酸盐包裹银表面改性的制备过程..................................................... 37 
3.3 实验结果与讨论 ............................................................................................ 39 
3.3.1 煅烧温度的影响.................................................................................... 39 
3.3.2 不同 AgNO3添加量对反射率的影响 .................................................. 44 
3.3.3 不同分散剂对裹银钛酸盐的影响........................................................ 47 
3.4 本章小结 ........................................................................................................ 51 
参考文献 ............................................................................................................... 52 
第四章吸水防雾涂层制备及其性能表征 .............................................. 53 
4.1 引言 ................................................................................................................ 53 
4.2 实验部分 ........................................................................................................ 54 
4.2.1 基底层的制备........................................................................................ 54 
4.2.2 吸水层的制备........................................................................................ 60 
4.3 结果与讨论 .................................................................................................... 64 
4.3.1 配方的优化分析.................................................................................... 64 
4.3.2 可见光透过率及黄变指数测试结果与讨论........................................ 67 
4.3.3 扫描电子显微镜测试结果与讨论......................................................... 70 
4.3.4 耐磨性能测试结果与讨论.................................................................... 71 
4.3.5 粘结力性能结果与讨论........................................................................ 73 
4.3.6 耐蒸汽暴露测试结果与讨论................................................................. 74 
4.3.7 耐酸性及耐药品性测试结果与讨论.................................................... 74 
4.4 本章总结 ........................................................................................................ 76 
参考文献 ............................................................................................................... 77 
第五章结论和展望 .................................................................................. 78 
致谢 ........................................................................................................... 80 

















Abstract in Chinese ..................................................................................... I 
Abstract in English ..................................................................................... II 
Contents ...................................................................................................... I 
ChapterI Introduction ............................................................................................... 1 
1.1Introduction ......................................................................................................... 1 
1.2Research Status of Thermal Insulation Materials ............................................... 4 
1.2.1Structural Characteristics and Research Status of Bismuth Titanate 
Materials ............................................................................................................ 6 
1.2.2Characteristics and Research Status of Precious Metal Cladding ............. 8 
1.3Preparation of Titanate ...................................................................................... 10 
1.3.1Hydrothermal Synthesis Method ............................................................. 10 
1.3.2Solid Phase Reaction Method .................................................................. 10 
1.3.3Precipitation Method ................................................................................ 10 
1.3.4Microwave Method .................................................................................. 11 
1.3.5Sol - gel Method....................................................................................... 11 
1.4Research Status of Anti-fogging Material......................................................... 12 
1.5 Surface Treatment Process ............................................................................... 14 
1.6 Anti-fogging Film Coating Process ................................................................. 15 
1.6.1 Flow Coating Method ............................................................................. 15 
1.6.2 Rolling Method ....................................................................................... 15 
1.6.3 Scraping Method ..................................................................................... 15 
1.6.4 Dip Coating Method ............................................................................... 16 
1.6.5 Spray Gun Spraying Method .................................................................. 16 
1.6.6 Automatic Spraying Method ................................................................... 17 















1.7.1Purpose and Significance of Research ..................................................... 19 
1.7.2Research Contents .................................................................................... 19 
References .............................................................................................................. 21 
Chapter IIExperimental Method and Principle ......................................... 25 
2.1 Experimental Method and Principle of Preparation of Nano Powders with 
High Near Infrared Reflectance  ........................................................................... 25 
2.1.1Reagents ................................................................................................... 25 
2.1.2Synthetic Method ................................................................................... 26 
2.2 Experimental Method and Principle of Preparation of Water-absorbing 
Antifogging Films .................................................................................................. 27 
2.2.1Reagents ................................................................................................... 27 
2.2.2 Synthetic Method .................................................................................... 28 
2.3 Experimental Instrument  ................................................................................ 29 
2.4 Characterization Methods ................................................................................ 30 
2.4.1X - ray Diffraction（XRD） ................................................................... 30 
2.4.2 Scanning Electron Microscope（SEM） ............................................... 30 
2.4.3UV-Vis-NIR Spectrophotometer .............................................................. 30 
2.4.4 Light Transmittance Measuring Instrument ............................................ 31 
2.4.5 Haze Meter .............................................................................................. 31 
2.4.6Taber Abraser ........................................................................................... 32 
2.5 Summary of This Chapter ................................................................................ 33 
References .............................................................................................................. 34 
Chapter III Preparation and Characterization of Titanate NIR Reflective 
Nano Powders ........................................................................................... 35 
3.1 Introduction ...................................................................................................... 35 
3.2 Experiment ....................................................................................................... 36 
3.2.1 Preparation of Titanate Precursors .......................................................... 36 
3.2.2 Preparation of Titanate Powders ............................................................. 36 















3.3 Results and Discussion .................................................................................... 39 
3.3.1 The Effect of Calcination Temperature ................................................... 39 
3.3.2 Effect of Different AgNO3 Additions on Reflectance ............................. 44 
3.3.3 Effect of Different Dispersants on Silver-coated Titanate ...................... 47 
3.4 Summary of This Chapter ................................................................................ 51 
References .............................................................................................................. 52 
Chapter IV Preparation and Characterization ofWater Absorbing 
Anti-fogging Coating ................................................................................ 53 
4.1 Introduction ...................................................................................................... 53 
4.2 Experiment ....................................................................................................... 54 
4.2.1 Preparation of UnderCoating Layer ........................................................ 54 
4.2.2 Preparation of Water Absorbing Coating ................................................ 60 
4.3 Results and Discussion .................................................................................... 64 
4.3.1 Formula Optimization and Analysis ....................................................... 64 
4.3.2 Transmittanceof Visible Light and Yellowing Index .............................. 67 
4.3.3 SEM ........................................................................................................ 70 
4.3.4 Abrasion Resistance ................................................................................ 71 
4.3.5 Bonding Force ......................................................................................... 73 
4.3.6Steam Resistance ..................................................................................... 74 
4.3.7 Acid and Reagents Resistance ................................................................ 74 
4.4 Summary of This Chapter ................................................................................ 76 
References .............................................................................................................. 77 
Chapter V Conclusion and Outlook .......................................................... 78 
Acknowledgements ................................................................................... 80 



































































































Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
